Objective: The need for effective nonhormonal treatments for hot flash management without unwanted side effects continues. The primary aim of this pilot study was to evaluate the effect of combining a nonhormonal pharmacologic agent with a behavioral treatment for hot flash reduction.
H ot flashes are experienced by up to 75% of women in menopause including those with a history of cancer. 1 For many women, hot flashes persist for up to 2 to 4 years and then subside. 2 About 25% of women, however, can experience hot flashes for as many as 15 or more years. [2] [3] [4] Although the median age of menopause is 51 years, hot flashes can begin up to 8 years earlier, in the perimenopausal phase. 2, 3 In cancer survivors, menopause can come prematurely, with hot flashes beginning long before others in their peer group. 5 Endocrine therapies for breast cancer (ie, tamoxifen and aromatase inhibitors) are associated with hot flashes in a majority of women. [6] [7] [8] [9] In general, studies have shown that women with a history of breast cancer experiencing menopause are more likely to experience symptoms than the noncancer population and experience more severe symptoms. 5, 7 Overall, for women experiencing hot flashes, whether prematurely from cancer treatment or as a result of menopause, they can be a source of bother and distress, and can negatively impact quality of life including a loss of productivity.
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Current treatment options
The gold standard for treatment of hot flashes was, until the year 2000, estrogen-based therapy, reducing both the frequency and severity of hot flashes by up to 90%. 14, 15 Current research provides insights about the risk/benefit of estrogen therapy for hot flashes, with a potential for an increased risk of breast cancer, blood clots, and less-than-expected benefits with respect to cardiovascular and cognitive health, making the use of estrogen-based therapy less attractive. 16 Amongst the most effective nonhormonal alternatives for hot flash management are serotonergic antidepressants [17] [18] [19] [20] [21] [22] and the anticonvulsant, gabapentin. [23] [24] [25] For most of these agents, a 50% to 60% reduction can be achieved in many women. 23 However, unwanted side effects, particularly related to sexual side effects with serotonergic antidepressants and dizziness with gabapentin, inconvenient dosing, and negative stigma associated with antidepressants limit the use of these agents. In addition, not all women benefit from these agents, and long-term efficacy is not known. Longer-term use of hot flash management interventions have been necessitated with the emergence of tamoxifen and aromatase inhibitors, particularly since recent data demonstrate benefit in the treatment of breast cancer with up to 10 years of this endocrine treatment. 26 Behavioral therapies that could potentially be taught to women to do at home represent a viable alternative for women with bothersome hot flashes. In fact, at least one descriptive study attests to the fact that over half of women surveyed state they would be interested in learning about or would prefer behavioral treatments for menopausal symptoms. 27 
One interesting option
Hypnosis is a behavioral intervention whose biologic plausibility to reduce hot flashes lies in the relaxation response and as a trigger to reduce core body temperature based on cooling imagery. Hypnosis is a behavioral mindbody therapy that can be defined as a deep relaxed state involving focused attention, mental imagery, an altered state of consciousness, imagination, and an enhanced capacity for response to suggestion. 28 It is a condition or state where relevant suggestions can produce alterations of perception, memory, or mood. A hypnotic induction for hot flashes is focused on reducing core body temperature and inducing a deep relaxation response. Specific suggestions may include being in a pleasant place where one can feel a cool breeze, or drinking cool water. Hypnosis has been studied in women with a history of breast cancer, being compared with a wait list control group, 29 and in general postmenopausal women compared with an attention control group. 30 In both of these studies, hypnosis was able to reduce the hot flash score about 70%. 29, 30 This reduction is still less than what would be expected from estrogen-based therapy.
Therefore, based on the need for more effective treatments for hot flashes, we developed a pilot proof-of-concept study to evaluate the combination of two effective interventions, an antidepressant and hypnosis. We conducted a prospective, randomized, single-blind trial to evaluate the effect of venlafaxine in combination with a hypnotic relaxation intervention on hot flash frequency and severity, in addition to the bother related to hot flashes. Venlafaxine extended release (XL) was chosen as the antidepressant agent as it was the most studied, well-established nonhormonal treatment for hot flashes at the time this study was developed, and is taken once daily.
The primary aim of the study was to evaluate the effect of venlafaxine XL 75 mg with hypnosis (VH) compared with venlafaxine alone (VSH) for the reduction of hot flashes, and our primary hypothesis was that the combination treatment (VH) would reduce hot flashes more than venlafaxine þ sham hypnosis (VSH). Secondary aims included an evaluation of the side effects and effects on bother related to hot flashes. In addition, impression of change and satisfaction with assigned treatment were assessed.
METHODS
Adult postmenopausal women who were eligible for the trial included those with and without a history of breast cancer, who either could not or did not wish to take estrogen for hot flash relief. We sought to include women with and without breast cancer since previous studies indicate both groups of women respond to hot flashes similarly and both have a need for more treatment options. 6, [21] [22] [23] 29, 30 Women had to report bothersome hot flashes for at least the past month, at a frequency of at least four per day. They could be taking endocrine therapy (tamoxifen or an aromatase inhibitor), but could not be planning to discontinue this therapy during the trial. Women could not have allergies to venlafaxine or related drugs (selective serotonin reuptake inhibitors) and could not be on any other pharmacologic agents for hot flashes during the study. They could not have used either venlafaxine or hypnosis in the past 6 months for any reason, nor could they use other antidepressants during the study for any reason. Women with uncontrolled hypertension were also excluded, defined as 3 consecutive readings over the past year of more than 160 systolic/100 diastolic.
All potential participants were educated about the study in a neutral way to keep the study hypothesis blinded and decrease bias. Women were told that they would be randomized to receive venlafaxine or a placebo pill in addition to one of two types of behavioral treatments: one involving hypnosis and the other involving white noise as a means to focus their attention on their hot flashes in a helpful way. The white noise arm served to control for the nonspecific effects of the intervention as it was equivalent in time and attention to the hypnosis arm, but did not include the active components of hypnosis: trance and suggestions. Women eligible and consenting to the study were randomized to one of the four following treatment conditions: venlafaxine 75 mg plus hypnosis (VH); venlafaxine 75 mg plus sham hypnosis (VSH); placebo pill plus hypnosis (PH); or placebo pill plus sham hypnosis (PSH).
The study was approved by the Mayo Clinic Foundation Institutional Review Board, and also the Baylor University Institutional Review Board. Written informed consent was obtained from all participants, and the trial was registered on the NIH clinical trials website, NCT 01000623. All participants were recruited from the Mayo Clinic, Rochester, MN.
A table of random numbers was created by one of the statisticians without involvement of study staff. These numbers corresponded to one of the four treatment arms and were put into sealed envelopes kept in a locked cabinet. After participants signed consent at the Mayo Clinic and were ready for randomization, the study therapist opened the next sealed envelope for the treatment assignment number. The venlafaxine was overencapsulated so that both placebo and BIOBEHAVIORAL INTERVENTION FOR HOT FLASHES venlafaxine were identical. The study coordinator who was recruiting participants and collecting data was blinded to the participant's treatment assignment.
Intervention
After randomization, beginning in week 1 and throughout the study, all women kept track of their hot flashes in a daily diary, indicating the number and severity of each hot flash in every 24-hour period. Women were instructed on how to record their hot flashes in real time using a small scratch pad and enter the totals into the diary every day.
Beginning week 2, women began taking their study medication (venlafaxine 37.5 mg or placebo pill) once per day. Women titrated the study medication (venlafaxine 37.5 mg or placebo pill) to two pills per day during week 3 and remained on two pills per day through the end of the study.
Beginning week 2 and continuing through week 5, each woman had weekly visits with the study therapist to learn about and experience either hypnosis or sham hypnosis (white noise) for a total of four inperson visits. Weeks 6 through 8, women continued the study medication and their behavioral treatment at least four times per week at home, using a CD.
The hypnosis intervention was the same intervention developed and tested previously 29, 30 and consisted of a standard hypnotic induction that provides for the experience of deep relaxation, feelings of safety, and comfort. The focus for hot flash reduction involves two key suggestions: one for stress reduction and one for coolness. Participants also received suggestions to dissociate from the anxiety and feelings of lack of control that accompany the hot flash experience. The hypnotic induction took about 20 minutes. The dose of the intervention was also based on previous studies in hypnosis that included five inperson visits. 29, 30 We used four inperson visits followed by 3 weeks of home practice in an attempt to decrease the burden of the intervention with clinic visits since these women were healthy and not already going to the clinic. The therapist interaction at each face-to-face session included a discussion of the hot flash experience, the experience the participant was having with the hypnotic intervention, and problem-solving potential barriers for home practice. Hypnotizability was evaluated at the end of the last face-to-face session. Due to a lack of power, this variable was to be looked at descriptively to evaluate whether it influenced participants' hot flash responses to hypnosis. The results will be reported in a separate paper. Hypnotizability was measured at the end of the last therapist session so as to not bias the therapist toward a perceived outcome. Depth of hypnotic state was not otherwise assessed or measured as the hypnosis was delivered in a standardized way, matching the script to the participant's relaxation, but different strategies were not used to try to elicit a certain hypnotic state. This was to have a more generalizable intervention.
The sham hypnosis also included a face-to-face interaction with the study therapist for 4 weeks and the use of a CD containing white noise. The white noise was used to assist with the ability to focus attention, by minimizing background noise. The participants were instructed to listen to the white noise CD for 15 minutes, during the face-to-face interactions, and also four times per week at home, and to think about their hot flashes in any way they thought might be helpful. During the inperson sessions, before the participant would listen to the white noise CD, the therapist interaction consisted of a discussion very similar to that in the hypnosis intervention: a discussion of the participant's experience with the white noise exercise, problem-solving potential barriers to using the CD four times per week, and continued discussion about their hot flash experience and coping strategies. This conversation was general and did not include therapist-directed information about how to use the white noise, but rather a positive confirmation of what the participant was finding helpful on her own. After the therapist discussion, the participant then listened to the white noise CD and focused her attention on her hot flashes in any way she wished.
Training to deliver the hypnosis and sham hypnosis interventions was provided by a board-certified expert in hypnosis who is also a clinical psychologist. 31 The certified hypnotherapist provided an initial 3-day training session for three nurses at the Mayo Clinic, each with a different degree, ranging from a bachelor's to a master's to a PhD in nursing. Education, practice, and demonstrations were completed. The certified hypnotherapist returned to the research site after 6 months to provide a refresher course and to evaluate each interventionists' competency, and also to evaluate the standardized delivery of both the true and sham hypnosis interventions.
Outcome measures
The primary endpoint was the hot flash score, which is a measure that takes into account both frequency and severity as recorded in real time by participants in the daily log. This diary has been used in numerous other studies evaluating various pharmacologic agents for hot flashes and has yielded consistent data. 23, 32 To calculate the hot flash score, severity, which included mild, moderate, severe, and very severe, was given a value ranging from 1 to 4, respectively. For every 24-hour period, the number of hot flashes in each severity category was multiplied by the value of the severity score and then summed together. For example, if a woman experienced three mild and four moderate hot flashes in a 24-hour period, her hot flash score would be 3 Â 1 þ 4 Â 2 ¼ 11. The hot flash diary was completed daily for the full 8 weeks of the study.
Participants completed a side-effect assessment questionnaire that asks women to rate various potential side effects over the past week. This measure was completed at baseline, week 5 (marking the end of the face-to-face sessions), and week 8 (the end of the study).
An important secondary endpoint included the Menopausal Quality of Life (MENQOL), 33 which provided data on the amount of bother or distress a woman experienced related to hot flashes. This was completed at baseline and at the end of the study (8 weeks) only. Responses on the MENQOL range from 0 (not bothered) to 6 (extremely bothered). We were BARTON ET AL interested in the vasomotor subscale, which includes three questions (hot flashes, night sweats, and sweating). Scores for the subscale were determined by calculating the mean of the three items, with a range from 0 to 6. At the end of the study only, women completed a scale that asked about their perception of change in their symptoms since beginning the study using the Subject Global Impression of Change (SGIC) and a single yes/no question about whether they were satisfied with the study treatment. 34 Women kept a daily log of their home sessions with the behavioral intervention (hypnosis vs sham hypnosis), indicating the number of days and minutes they used the CD at home. This measure provided the dose and frequency of the behavioral component. Women also marked on the daily log whether they took their medication as prescribed.
Analysis
The primary endpoint was the average intrapatient difference in hot flash score (frequency Â severity) at the end of the study (8 weeks), controlling for baseline hot flash score. We analyzed data using a General Estimating Equation (GEE) model, using venlafaxine/sham hypnosis as the referent arm. We chose the venlafaxine/sham hypnosis as the referent arm since it can be argued that venlafaxine is standard, first-line, nonestrogenic treatment for hot flashes having been shown to be effective in large randomized controlled trials. 35 In addition, the effects of venlafaxine on hot flashes were well-established, so effect size differences could be ascertained with more confidence. The sham hypnosis/placebo arm was included due to the large placebo effects often seen in hot flash research. 32, 36 We wanted to be able to calculate the effect size from the sham arm for future well-powered trials.
Compound symmetry covariance structure was considered in the GEE model fitting. Self-reported hot flash scores from participants were assumed to be equally correlated. Analysis of covariance was used to compare differences, and effect sizes were calculated in comparison with the reference arm of venlafaxine and sham hypnosis. As this was a pilot study, not a fully powered randomized, controlled trial, our primary interest was magnitude of effect. Our a priori hypothesis was that the combined arm of venlafaxine and hypnosis would provide an additional 16% reduction in hot flashes over the venlafaxine and sham hypnosis arm. Previous data indicate reductions in hot flashes by venlafaxine to be about 55%. In a population with four hot flashes per day, this results in a 2.2 hot flash per day reduction, assuming the lowest possible hot flash score of 4 mild hot flashes per day at baseline. Hence, a further decrease of 16%, to a 71% decrease in hot flashes, would translate to a difference of 0.45 standard deviations (SDs), being a moderate effect size. Therefore, participants could expect a further decrease of one hot flash per day, or a total of three per day decrease.
The vasomotor subscale of the MENQOL was evaluated through the calculation of average intrapatient scores at week 8 controlling for baseline and then analyzed with GEE modeling using compound symmetry covariance structure with the double placebo arm (PSH) as the referent arm. Side effects were analyzed by calculating changes from baseline and evaluating whether that change was statistically significant using paired t tests. The SGIC was evaluated descriptively by dividing the group into two. Those who responded to the question, ''Since beginning the study intervention, my hot flashes are . . .'' by marking a negative 3, negative 2, negative 1, or 0, were classified as having no benefit, whereas those marking a positive 1, 2, or 3 were classified as having perceived benefit. Frequencies were calculated for each arm. Likewise, frequencies for those reporting satisfaction with the study intervention were also calculated for each arm.
All analyses were performed using SPSS 23 and SAS 9.3. Significant P values were set at less than 0.05.
RESULTS
A total of 71 women were enrolled and randomized in this study, 15 to venlafaxine/hypnosis, 19 to venlafaxine/sham hypnosis, 22 to placebo/hypnosis, and 15 to placebo/sham hypnosis, between January 31, 2010 and December 20, 2011. The CONSORT diagram is shown in Figure 1 . Baseline demographics are listed in Table 1 . No demographic variables or baseline hot flash characteristics were statistically significantly different between groups at baseline. There were large differences between groups in the number of months since menopause, ranging from 41 to 84, although all women were over 3 years postmenopause.
Primary endpoint
For the GEE modeling, at first, group Â time interaction was included in the model to investigate the effect of interventions over the time. None of the interaction terms of group Â time were significant, so the interaction terms were dropped from the final model (Table 2 ). Our primary hypothesis that VH would provide more relief of hot flashes over VSH was not supported. The women in the combined arm, VH, reported hot flash reductions that were not statistically different than women in the VSH arm (P ¼ 0.05). Only women in the placebo/sham hypnosis arm reported reductions in hot flashes that were statistically significantly less than women in the VSH arm (P ¼ 0.001). Women receiving the placebo pill þ hypnosis (PH) reported hot flash reductions that were not statistically significantly different than women in the VSH arm (P ¼ 0.34).
The participants assigned to the placebo/sham hypnosis (PSH) arm experienced a 25% decrease in hot flashes over the study period, whereas participants in each active arm reported hot flash score reductions of just over 50%. Hot flash score reductions (shown in percent of baseline) over the 8 weeks are shown in Figure 2 .
Secondary outcomes
Side effects evaluated included appetite increase/loss, somnolence, nausea, fatigue, dry mouth, dizziness, diarrhea, blurred vision, sweating, and sleep. None of these side effects were significantly worse than baseline during the course of the study. Four side effects significantly improved during the study. These data are shown in Table 3 . Sleep and sweating improved significantly in all four groups, whereas somnolence improved in all but the venlafaxine/hypnosis arm. Fatigue significantly improved in venlafaxine/sham hypnosis and placebo/hypnosis groups.
Menopausal quality of life was evaluated by the MENQOL, and results are shown in Table 4 for the vasomotor subscale, again using the double placebo arm as the referent arm. In this model, there was a significant time-by-group interaction for the combination of venlafaxine and hypnosis (P ¼ 0.02), a trend toward significance (P ¼ 0.05) for the hypnosis-alone arm and an insignificant effect for venlafaxine alone (P ¼ 0.09) compared with the control arm. At baseline, means Table 5 . Total practice days and medication days were not statistically significantly different between arms and were poorly correlated with hot flash scores at 8 weeks and the vasomotor scale of the MENQOL with absolute Pearson's correlation coefficients ranging from 0.03 to 0.19 (data not shown). The venlafaxine/hypnosis arm reported the most minutes with the hypnosis CD and the least number of days taking the study medication.
Impression of benefit and satisfaction
More women who received venlafaxine/sham hypnosis or placebo/hypnosis perceived benefit related to hot flash improvement, with 100% and 90% of women feeling their hot flashes were better, respectively. Only 67% of those receiving placebo/sham hypnosis perceived benefit. These frequencies are shown in Table 6 . When asked about satisfaction with the intervention received, 83% said they were satisfied with venlafaxine/sham hypnosis and 79% were satisfied with placebo/hypnosis (Table 6 ).
DISCUSSION
In this pilot study, the combination of venlafaxine and hypnosis did not yield greater reductions in hot flashes. Although this was a surprise, the dose of 75 mg of venlafaxine may have been too strong, eclipsing the effect of hypnosis and 
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resulting in a mechanistic ceiling effect. However, based on the practice and medication log, since the venlafaxine/hypnosis arm listened to the CD the longest and took less medication, it could be that this was not as good of an evaluation of the combination of the two treatments as it could have been.
Although this was a pilot study designed to compare the combination of a pharmacologic and behavioral intervention versus a pharmacologic agent alone without expectations of adequate power, effects were strong enough that statistically significant reductions in hot flashes were demonstrated with both venlafaxine alone (with sham hypnosis) and hypnosis alone (with a placebo pill), being better than the double placebo arm (placebo/sham hypnosis), but not significantly different from each other. Therefore, this study provides supportive data demonstrating significant benefit from hypnosis alone, equal to that of venlafaxine, for the amelioration of hot flashes, without unwanted side effects.
The results in this study are consistent with other hot flash studies that have found significant reductions with hypnosis alone when compared with an attention control group, 29, 30 and a recent study demonstrating reductions with hypnosis that were greater than those seen with the use of gabapentin. 37 As illustrated by the data in this study and the aforementioned publications, there are preliminary data that hypnosis can be effective against hot flashes in women with natural, surgical, and chemotherapy-induced menopause.
We had hoped to recruit more women with a history of breast cancer, but were unable to do so. Many of the women with breast cancer were interested in trying hypnosis, but did not want to take a pharmacologic agent. Therefore, although we only had five women with a history of breast cancer, we were not able to further test any differences in response based on that characteristic. However, as mentioned, in previous studies, women with and without breast cancer have responded similarly to hot flash interventions. 6, [21] [22] [23] 29, 30 Recently, The North American Menopause Society listed both hypnosis and cognitive behavioral therapy as evidencebased treatments for hot flashes. 38 It is important to note that studies evaluating hypnosis have demonstrated reductions in both frequency and severity, and also interference or bother, 34, 35 as in this study, whereas studies with cognitive behavioral therapy have demonstrated improvements in perceptions of distress or bother, but not actual decreases in frequency or severity. [39] [40] [41] Therefore, it may be that hypnosis is an intervention that can impact the actual physiology of hot flashes and not just cognitive perception. Recently, hot flash physiology has moved beyond the knowledge that estrogen deprivation causes a narrowed temperature regulatory zone. Current hypotheses include that hot flashes are centrally mediated, involving neurotransmitters such as serotonin, since estrogen concentrations can impact neurotransmitters. 42, 43 In fact, one small study (N ¼ 39) found statistically significantly lower serotonin concentrations in women with more severe, compared with less severe, hot flashes. 44 Therefore, there may be an imbalance in the sympathetic/parasympathetic balance that contributes to hot flash persistence, and by eliciting a deep relaxation response with hypnosis, the shift from sympathetic (norepinephrine) to parasympathetic (serotonin) activity is facilitated. 43, 45, 46 Vasomotor symptom bother was evaluated in this study in addition to decreases in the number and severity of hot flashes. The data demonstrated consistent and significant improvements in vasomotor symptom bother for the combination arm of VH and trends toward significant reductions in the other two active arms with VSH and PH. The lack of significance is likely a result of low power in this pilot study.
There is a concern about the ability to broadly disseminate this intervention. When developing the intervention, there were only a very small group of professionals who had expertise in using hypnosis for hot flashes, and, in general, many areas may not have providers certified or trained to deliver hypnosis. In addition, this intervention currently requires coming in to see the practitioner, and this is often viewed as inconvenient and does limit access to resources that are not widely available. It is important to note that for this study, three nurses were trained by a certified hyp- notherapist and clinical psychologist, to provide this intervention. The nurses each had different levels of education (bachelor's degree, master's degree, and PhD), but all were well-experienced licensed professionals. The intervention was taught to each of these healthcare professionals, and clearly, results of this trial indicate that the hypnosis was being delivered effectively. This suggests that this intervention can be taught effectively to licensed healthcare providers of several educational levels. Work is ongoing to evaluate methods for women to self-administer the hypnosis to improve the dissemination of this helpful therapy.
The placebo/sham hypnosis group was the intended true control group and did experience a reduction in hot flashes consistent with placebo arms in other pharmacologic hot flash intervention studies, which is about a 25% reduction. 23, 32 As depicted in the CONSORT diagram, women in this arm did not disproportionately withdraw or have missing data, leading to the conclusion that a sham hypnosis arm using white noise may be an appropriate control group adequately controlling for nonspecific effects of general relaxation, provider attention, and home practice with an audio file. As has been articulated previously, research in hot flashes does evoke a placebo response, 32, 36, 47 and, therefore, appropriately controlled trials are needed to build the evidence base.
The strengths of the study included a rigorous four-arm randomized design that involved an adequate control group for both venlafaxine and hypnosis. In addition, since the treatments could not be blinded, we utilized a blinded hypothesis. This means that when educating women about the study, for the nonpharmacologic component, the study was described as evaluating two different behavioral approaches. We did not ''label'' the study as being about hypnosis. This strategy reduces bias toward an experimental arm. Further, data collection was completed by a study coordinator who was blinded to the participant's treatment assignment.
Limitations of this study include the fact that it was a small pilot study with a very homogeneous population of white women without a history of breast cancer. A larger study would be necessary to more definitively evaluate the effects of a combined intervention on hot flashes. Although a mechanism was proposed for how hypnosis may impact hot flashes, we did not test that hypothesis in this study. Finally, this pilot study, as a proof of concept, was only 8 weeks in length. Longer studies are needed to determine whether an intervention might meet ongoing needs for hot flash control.
CONCLUSIONS
Hypnosis is an effective treatment for hot flashes. Future research is needed to clarify whether hypnosis could be combined with a different low-dose pharmacologic intervention to provide optimal relief of hot flashes synergistically without ceiling effects and without side effects, or to identify a population who could benefit more from such a combination. Second, the hypnosis intervention requires additional development and testing to increase the potential for broader dissemination, as mentioned above. Studies that include longer-term follow-up are needed to also evaluate what sort of maintenance doses might be needed to keep hot flashes at bay. Finally, research is needed to investigate how hypnotic relaxation impacts hot flashes and also how the induction can be modified to focus on the menopausal symptom cluster of hot flashes, sleep, and mood to provide significant improvement and benefit in all areas related to menopausal quality of life. 
